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ABSTRACT : PURPOSE: To obtain an ingot nearly free from defects by previously measuring temp, 

distribution in the pulling direction of an ingot during pulling from molten Si and by starting 
the formation of the tail of the ingot when the top of the straight body of the ingot reaches 
a position at which the top attains to a prescribed temp. 

CONSTITUTION: Temp, distribution in the pulling direction of an ingot during pulling from 
molten Si by the Czochralski method is previously measured and the interval between the 
surface of the molten Si and the top 3a of the straight body 3 of the ingot at the time when 
the top 3a attains to 900°C is calculated from the temp, distribution. The formation of the 
tail 2 of the ingot is started before the top 3a is pulled by the interval. The density of crystal 
defects in the straight body 3 for wafers is reduced. 
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1. Title of the Invention 

Silicon Single Crystal Manufacturing Method 

2. Scope of the Patent Claims 

[Claim 1] A method for the manufacture of silicon single crystal during which a silicon single 
crystal ingot is pulled from a silicon melt; the method comprising the steps of: 

measuring temperature distribution beforehand of the ingot along the pulling direction 
during pulling; 

determining beforehand, based upon the temperature distribution, the distance between the 
silicon melt upper surface and the upper body tip portion when the temperature of the upper 
body tip portion becomes 900°C; and 

beginning formation of the tail portion when the distance between the silicon melt upper 
surface and the upper body tip portion is within the determined distance. 

3. Detailed Explanation of the Invention 
[Industrial Field of Application] 

The present invention relates to a method for growth of a silicon single crystal by pulling 
from a silicon melt (referred to below as "melt") contained in a crucible during manufacture of a 
silicon single crystal by the Czochralski method. 
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[Earlier Technology] 

Ingot manufacture by the Czochralski method occurs by contacting a silicon seed crystal 
with the melt, followed by growth of the silicon single crystal. Figure 4 shows the visible shape 
of the obtained ingot. Item 1 is a cone-shaped crown that is formed during the start of ingot 
production. Item 2 is an inverted-cone-shaped tail that is formed at the end of ingot production. 
Item 3 is the body. Item 3a is the upper body tip portion which forms a boundary between crown 
1 and body 3. Item 3b is the lower body tip portion which forms a boundary between body 3 and 
tail 2. 

Among these parts of the ingot, the body is sliced into roughly 600 urn thick disks which 
become wafers for semiconductor element manufacturing use. 

The density of generated crystalline defects becomes high when the ingot stays for more 
than about a 4 hour time period within the temperature range of 900 - 500°C during pulling. 
Such a high defect density then lowers yield of semiconductor elements manufactured using a 
substrate wafer sliced from this ingot. 

Devices have been added to the pulling apparatus and have been tested for forcefully 
cooling the ingot in order to shorten the time period that the ingot stays within the 900 - 500°C 
temperature range. However, such means make the pulling apparatus more complex. Such 
means also place a cooling tube within the apparatus, thereby causing deposition of SiO particles 
upon the cooling tube due to SiO gas formed by reaction between the melt and the crucible. 
Many such SiO particles fall to the melt, and the ingot loses single crystal structure if these 
particles become attached to the ingot. Therefore such devices are deficient due to the 
occurrence of such difficulties during the manufacture of single crystal ingot. 

[Problems to be Solved by the Invention] 

The present invention solves the problems of the above mentioned earlier technology. The 
present invention manufactures an ingot with few crystalline defects while utilizing the earlier 
technology apparatus without modification. 

[Means to Solve the Problems] 

In order to solve the above mentioned problems, the present invention provides a method 
for the manufacture of silicon single crystal during which a silicon single crystal ingot is pulled 
from a silicon melt; the method comprising the steps of: measuring temperature distribution 
beforehand of the ingot along the pulling direction during pulling; determining beforehand, based 
upon the temperature distribution, the distance between the silicon melt upper surface and the 
upper body tip portion when the temperature of the upper body tip portion becomes 900°C; and 
beginning formation of the tail portion when the distance between the silicon melt upper surface 
and the upper body tip portion is within the determined distance. 

[Operation of the Invention] 

Illustrations will be used to explain the present invention. 

Figure 1 is a graph showing an example temperature distribution of an ingot during 
pulling. This shows that ingot temperature is greater than or equal to 900°C at distances within 
25 cm of the melt. 

That is to say, formation of the tail at the bottom of the body occurs when the distance 
between the melt and the upper body tip portion reaches 25 cm in this example, and the tail may 
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be pulled from the melt afterthe completion of tail formation 

Figure 2 shows the relationship between ingot temperature and the time passed since the 
start of tail formation. Within this graph, curve a is the temperature of the upper body tip 
portion, and curve b is the temperature of the lower body tip portion. Separation of the tail from 
the melt occurs 2 hours after the start of tail formation. 

As is made clear by Figure 2, the lower body tip portion and the upper body tip portion 
stay for less than 3 hours in the temperature range of 900 - 500°C. Therefore crystalline defect 
density in the body portion that becomes the wafer can be reduced. 

[Working Example] 

A Czochralski type ingot manufacturing apparatus was used without an attached cooling 
tube, and a roughly 150 mm (6 inch) ingot was pulled. Ingot temperature distribution was 
measured. Temperature of the upper body tip portion reached 900°C when the distance from the 
melt reached 25 cm. 

Therefore an ingot was manufactured with a body length of 25 cm. 

Respective disk-shaped samples were taken from the obtained ingot along the axial 
direction at the upper tip, central portion, and lower tip. These samples then underwent 1 16 
hours of heat treatment at 1050°C Defect density was measured at the sample central region by 
the Sirtl etchant method. Mean values for each position are shown in Figure 3. Moreover, a 
comparative example (earlier technology method) ingot was produced in the same manner as the 
working example except that the body length was 75 cm. The comparative example measured 
values are also shown in Figure 3. 

By the use of the method of the present invention, an ingot can be manufactured with a 
lower crystalline defect density than that of the earlier technology method. 

[Results of the Invention] 

By use of the present invention, an ingot with few crystalline defects can be manufactured 
without the installation of a special device in the earlier technology apparatus. 

4. Simple Explanation of the Illustrations 

Figure 1 shows the relationship between temperature of the ingot and the distance along 
the ingot from the melt. Figure 2 shows the relationship between ingot temperature and the time 
passed since start of tail formation. Figure 3 shows the relationship between defect density and 
position along the ingot length axis for the working example and comparative example. Figure 4 
shows the external appearance of the ingot. 

1 .... Crown 

2 .... Tail 

3 ... Body 

3 a .... Upper body tip portion 

3b .... Lower body tip portion 
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[Figure 1] 
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[Figure 3] 
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[Figure 2] 




[Figure 4] 
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Abstract 



PURPOSETo obtain an ingot nearly free from defects by previously measuring temp, distribution in the 
pulling direction of an ingot during pulling from molten Si and by starting the formation of the tail of the ingot 
when the top of the straight body of the ingot reaches a position at which the top attains to a prescribed 
temp. 

CONSTITUTIONTemp. distribution in the pulling direction of an ingot during pulling from molten Si by the 
Czochralski method is previously measured and the interval between the surface of the molten Si and the 
top 3a of the straight body 3 of the ingot at the time when the top 3a attains to 900 deg.C is calculated from 
the temp, distribution. The formation of the tail 2 of the ingot is started before the top 3a is pulled by the 
interval. The density of crystal defects in the straight body 3 for wafers is reduced. 
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